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SOURCE: European Journal of Biochemistry (2003), 270(4), 570-578 
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AB A review. Multi-protein complexes are emerging as important entities of biol. 
activity inside cells that serve to create functional diversity by contextual combination of 
gene products and, at the same time, organize the large number of different proteins into 
functional units. Many a time, when studying protein complexes rather than individual 
proteins, the biol. insight gained has been fundamental, particularly in cases in which 
proteins with no previous functional annotation could be placed into a functional context 
derived from their "mol. environment". In this minireview, we summarize the current 
state of the art for the retrieval of multi-protein complexes by affinity purification and 
their anal, by mass spectrometry. The advances in technol. made over the past few years 
now enable the study of protein complexes on a proteomic scale and it can be anticipated 
that the knowledge gathered from such projects will fuel drug target discovery and 
validation pipelines and that the technol. is also going to prove valuable in the emerging 
field of systems biol. REFERENCE COUNT: 35 
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TITLE: Novel Interactions of Saccharomyces cerevisiae Type 1 Protein Phosphatase 
Identified by Single-Step Affinity Purification and Mass Spectrometry 
AUTHOR(S): Walsh, Edmund P.; Lamont, Douglas X; Beattie, Kenneth A.; Stark, 
Michael J. R. 

CORPORATE SOURCE: School of Life Sciences Biocentre, University of 
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AB The catalytic subunit of Saccharomyces cerevisiae type 1 protein phosphatase 
(PP1C) is encoded by the essential gene GLC7 and is involved in regulating diverse 
cellular processes. To identify potential regulatory or targeting subunits of yeast PP1C, 
we tagged Glc7p at its amino terminus with protein A and affinity-purified Glc7p protein 
complexes from yeast. The purified proteins were separated by SDS-PAGE and 
identified by peptide mass fingerprint anal, using matrix- assisted laser 
desorption/ionization (MALDI) mass spectrometry. To confirm the accuracy of our 
identifications, peptides from some of the proteins were also sequenced using high- 
performance liquid chromatog. (HPLC) coupled to tandem mass spectrometry. Only four 
of the Gic7p-associated proteins that we identified (Mhplp, Bni4p, Ref2p, and Sds22p) 
have previously been shown to interact with Glc7p, and multiple components of the CPF 
(cleavage and polyadenylation factor) complex involved in mRNA 3 -end processing 
were present as major components in the Glc7p- associated protein fraction. To confirm 
the interaction of Glc7p with this complex, we used the same approach to purify and 
characterize the components of the yeast CPF complex using protein A-tagged Ptalp. 
Six known components of the yeast (CPF) complex, together with Glc7p, were identified 
among the Ptalp-associated polypeptides using peptide mass fingerprint anal. Thus 
Glc7p is a novel component of the CPF complex and may therefore be involved 
regulating mRNA 3 '-end processing. REFERENCE COUNT: 60 
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AB Lactoferricin (Lfcin) is a bioactive fragment of lactoferrin derived from the 
bactericidal and putative lymphocyte receptor binding domain(s) located within the N- 
lobe of lactoferrin. Although known to be liberated from at least three species of 
lactoferrin, conditions leading to Lfcin generation in vivo and factors affecting its 
distribution are still not known. Recently, we have developed a method of surface- 
enhanced laser desorption/ionization (SELDI) affinity mass spectrometry using Bu 
terminal groups for surface-enhanced affinity capture (SEAC) to quantify not only Lfcin 
generated in vivo but also other lactoferrin fragments. Unlike previous efforts to detect 
lactoferrin and Lfcin with specific antibodies, the SELDI affinity assay distinguished 
lactoferrin, lactoferrin fragments, Lfcin and unrelated peptides without their interference 
with each other. To evaluate Lfcin generation in vivo, the exptl. design involved feeding 
200 mL of 10 mg/mL (1.22+10-4 mol/L) bovine lactoferrin to an adult. Gastric contents 
were recovered 10 min after ingestion. Lfcin produced in vivo was directly captured by 
the SEAC device. The amount of Lfcin in the gastric contents was 16.91±2.65 
<SYM109>g/mL (5.350±0.838+10-6 mol/L). However, a large proportion of the 
ingested lactoferrin was not completely digested. Lactoferrin fragments containing the 
Lfcin region were analyzed by in situ hydrolysis with pepsin after being captured by the 
SEAC device. As much as 5.740±0.702+10-5 mol/L of the partially degraded lactoferrin 
fragments were found to contain the Lfcin region, including peptide domains 17-43, 17- 
44, 12-44, 9-58, and 16-76 of bovine lactoferrin. These results show that bovine Lfcin 
can be produced in the human stomach after ingestion of an infant formula supplemented 
with bovine lactoferrin. It is now important to determine whether Lfcin is generated in 
the intestinal tract of formula-fed and breast-fed infants,and geriatric patients consuming 
foods enriched with lactoferrin. REFERENCE COUNT: 22 
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AB Lactoferricin is a bioactive peptide fragment (3 169 Da) derived from lactoferrin (80 
kDa) that contains the bactericidal domain and the lymphocyte receptor-binding domain 
of lactoferrin. Although lactoferricin has been produced from lactoferrin by proteolytic 
digestion in vitro, its natural occurrence and distribution in vivo are still not clear, in part 



because of the absence of a suitable detection means. Surface-enhanced laser 
desorption/ionization (SELDI) was used to detect and characterize lactoferricin by 
affinity mass spectrometry. Human, porcine, and bovine lactoferricin in unfractionated 
serum samples were found to bind specifically to ligands presenting a terminal Bu group. 
SELDI was used to detect and quantify each species of lactoferricin in a manner that was 
independent of the presence of intact lactoferrin, partially degraded lactoferrin, and 
lactoferrin peptides containing the lactoferricin peptide sequence. The limit of detection 
of bovine lactoferricin in serum was as low as 200 pg/mL. The FKCRRWQWR- 
homoserine/- homoserine lactone moiety of bovine lactoferricin, which includes the 
complete antimicrobial center (i.e., RRWQWR), was shown to be responsible for 
interaction with the Bu group. The SELDI procedure defined here is the only mol. 
recognition tool known to date that is capable of distinguishing the multi-functional 
lactoferricin domain located within structurally related but distinct forms of lactoferrin 
and its metabolic fragments. Enabling the direct quantitation of lactoferricin produced in 
vivo opens new opportunities to evaluate lactoferrin function 
REFERENCE COUNT: 10 
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US 5719060 A 19980217 US 1995-483357 19950607 CA 2163426 AA 
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AB This invention relates generally to methods and apparatus for desorption and 
ionization of analytes for the purpose of subsequent scientific anal, by such methods, for 
example, as mass spectrometry or biosensors. More specifically, this invention relates to 
the field of mass spectrometry, especially to the type of matrix-assisted laser desorption/ 
ionization, time-of- flight mass spectrometry used to analyze macromols., such as proteins 
or biomols. Most specifically, this invention relates to the sample probe geometry, 



sample probe composition, and sample probe surface chemistries that enable the selective 
capture and desorption of analytes, including intact macromols., directly from the probe 
surface into the gas (vapor) phase without added chemical matrix. 
REFERENCE COUNT: 14 
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AB This report focuses on new solid-phase and solution chemistries to build and 
assemble SEND (surfaces enhanced for neat desorption) probe surfaces. A new hybrid 
probe surface design is presented. Probe elements with SEND were constructed from 
SEAC devices designed to bind EAM. An example is the attachment of thiosalicylic acid 
as the EAM to a probe element surface by means of covalently attached iminodiacetate- 
Cu(II) as the affinity capture mol. Analytes such as synthetic peptides or myoglobin 
were analyzed by SELDI time-of- flight mass spectrometry. 
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AB Our ability to identify specific biopolymers and evaluate their structures defines our 
current potential to understand biol. function. The authors developed new mass 
spectrometric methods with analyte capture and desorption strategies designed to 
facilitate the detection and structural anal, of specific biol. marker proteins, even when 



present in trace quantities. The authors refer to this method as affinity mass spectrometry 
(AMS). Affinity mass spectrometry is defined as the design and/or use of mass 
spectrometric probe element surfaces that have been transformed from inert sample 
presenting platforms into active affinity capture and release devices. Mass spectrometric 
probes were prepared with SEAC of lactoferrin. The goal of this investigation was to 
design and produce new classes of active probe elements for laser desorption time-of- 
flight mass spectrometry such that the disposable probe elements have surface 
characteristics that are optimized for DNA- or Ig-based lactoferrin capture and 
subsequent desorption/ionization for detection/characterization by time-of- flight mass 
spectrometry. With this new techno 1., the authors achieve the fast and sensitive detection 
and characterization (e.g., structural intactness and metal ion binding status) of lactoferrin 
in various unfractionated biol. samples. The authors also evaluated SEAC probe 
elements to capture or dock predetd. nos. of lactoferrin mols. in predefined areas of the 
probe element surface to automate quant, assessments. Enzymic and chemical 
modifications were performed on the tethered lactoferrin left on the probe surface after 
the initial mass spectrometric anal. The authors further improved lactoferrin detection 
sensitivity by thousands of folds by amplifying the bound lactoferrin signal with coupled 
enzyme reaction. AMS probes with SEAC can also be designed for the detection of cell 
surface lactoferrin receptors or markers of cellular responses to lactoferrin with equal 
sensitivity.REFERENCE COUNT: 18 
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AB Affinity mass spectrometry (AMS) was used to evaluate the structural diversity of 
the E2 component of pyruvate dehydrogenase complex (PDC) in normal and diseased 
liver cells, including those from patients with the autoimmune disease primary biliary 
cirrhosis (PBC). Two different antibodies to PDC-E2, the immunodominant 
mitochondrial autoantigen in patients with PBC, were used. AMS was performed 
directly on frozen liver sections and purified bile duct epithelial cells. Mass 
spectrometric signals associated with the mol. recognition of PBC-specific antigenic 
determinants were enhanced by an in situ enzyme-linked signal amplification process. 
Samples from patients with PBC gave strong pos. signals for the antigen(s) recognized by 



the monoclonal antibody C355. 1 . Conversely, tissues from normal and disease controls 
showed only a minimal signal. AMS was used to identify specific antigenic determinants 
within the E2 component of PDC for comparison with unknown antigenic determinants 
observed by affinity capture with C3 55. 1 monoclonal antibody from PBC samples. PDC 
components bound to C3 55. 1 were mapped and identified by mass before dissociation 
from the E2 component. A similar approach was used to identify unknown antigenic 
determinants associated with PBC. The authors believe AMS may be an important new 
approach with wide application to the identification of mols. associated with a number of 
disease states. 
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AB Two new desorption strategies are based on the mol. design and construction of two 
general classes of sample 'probe' surfaces. The first class of surfaces is designed to 
enhance the desorption of intact macromols. presented alone (neat) to the surface; the 
authors call this surface-enhanced neat desorption (SEND). The availability of probe 
surfaces derivatized with, or composed of, multiple types and defined nos. of energy- 
absorbing mols. will facilitate investigations of energy transfer and desorption/ionization 
mechanisms. The second class of probe surfaces is designed to enhance the desorption of 
specific macromols. captured directly from unfractionated biol. fluids and exts.; the 
authors call this surface-enhanced affinity capture (SEAC). Use of these new probe 
surfaces as chemical defined solid-phase reaction centers will facilitate protein discovery 
through mol. recognition in situ and also macromol. structure anal, through the sequential 
chemical and/or enzymic modification of the adsorbed analyte in situ. Specific examples 
of laser-assisted SEND and SEAC time-of-flight mass spectrometry are presented to 
illustrate the potential for increased selectivity, analyte detection sensitivity, and mass 
measurement accuracy. 
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AB A surface for the capture of biotin-tagged proteins on matrix-assisted laser 
desorption/ionization (MALDI) targets has been investigated. Binding of a poly-L-lysine 
polyethylene glycol) -biotin polymer to glass and gold surfaces has been demonstrated 
using dual wavelength interferometry. Biotinylated proteins were captured onto this 
surface using tetrameric neutravidin as a multivalent bridging mol. Biotin tagging of 
proteins was achieved by chemical biotinylation or by expressing a protein with a 
biotinylation consensus sequence in E. coli. The specificity of the surface for biotin- 
tagged proteins allowed the purification of biotin-tagged glutathione-S -transferase from a 
bacterial lysate directly onto a MALDI target. Subsequently, the protein was digested on 
the MALDI target and a protein fingerprint anal, confirmed its presence directly, but no 
E. coli proteins were detected. Therefore, we conclude that this surface is highly specific 
for the capture of biotin- labeled proteins and has low non-specific binding properties for 
non-biotinylated proteins. Furthermore, protein-protein interactions using biotinylated 
lectins were investigated, and the selective capture of the glycoprotein fetuin with wheat 
germ agglutinin was demonstrated. Also, immobilized Arachis hyp ogea agglutinin 
recognized a minor asialo component of this glycoprotein on the array. The high affinity 
immobilization of proteins onto this surface allowed effective desalting procedures to be 
used which improved the desorption of high mol. weight proteins. Another aspect of this 
surface is that a highly ordered coupling of the analyte can be achieved which eliminates 
the search for the sweet spot and allows the creation of densely packed protein 
microarrays for use in mass spectrometry. REFERENCE COUNT: 20 
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AB A novel on-probe direct-binding assay has been developed to screen the binding 
partners of a target protein. In this assay, the porous silicon probe captures the binding 
partner of the immobilized protein and serves as the substrate for direct laser 
desorption/ionization, thereby eliminating the matrix-related background problems. This 
assay does not need fluorescence tags, radioactive markers, or even prior purifh . Its 
major application is in the drug discovery process and its strength may be particularly 
useful in high-throughput screening of lead-drug candidates. It can be used to screen 



large compound libraries and to fish the active ingredients present in natural products 
such as Chinese medicines. The directed binding assay presented may not be limited to 
the study or protein targets and may be modified to study the binding partners of other 
biomols., including DNA, RNA, antibodies, lipids, peptides, and whole cells. This assay 
can be upgraded to a chip-based assay in which several proteins or other biomols. are 
immobilized on the same probe to search for lead drug candidates for multiple targets. 
REFERENCE COUNT: 20 
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AB Combined applications of affinity purification procedures and mass-spectrometric 
analyses (affinity mass spectrometry or affinity- directed mass spectrometry) have gained 
broad interest in various fields of biol. sciences. We have extended these techniques to 
the purification and anal, of closely related peptides from complex mixts. and to the 
characterization of binding motifs and relative affinities in protein-protein interactions. 
The postradiational modifications in the carboxy-terminal region of porcine brain 
tubulin are used as an example for the applicability of affinity mass spectrometry in the 
characterization of complex patterns of related peptides. We also show that affinity mass 
spectrometry allows the mapping of sequential binding motifs of two interacting proteins. 
Using the ActA/Mena protein-protein complex as a model system, we show that we can 
selectively purify Mena-binding peptides from a tryptic digest of ActA. The results from 
this assay are compared to data sets obtained earlier by classical methods using synthetic 
peptides and mol. genetic expts. As a further expansion of affinity mass spectrometry, 
we have established an internally standardized system that allows comparison of the 
affinities of related ligands for a given protein. Here the affinities of two peptide ligands 
for the monoclonal tubulin-specific antibody YL1/2 are determined in terms of half- 
maximal competition, (c) 1999 Academic Press. REFERENCE COUNT: 45 
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AB The invention provides an anal, instrument comprising an affinity capture probe 
interface, a laser desorption ionization source, and a tandem mass spectrometer. Also 
presented are new methods for protein discovery and identification and for 
characterization of mol. interactions that utilize the instrument of the present invention. 
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AB The invention concerns a plane sample support for mass spectrometric anal, of 
biomols., especially for MALDI technique, that has a microtiterp late- like structure; the 
sample-holding spots are hydrophilic with affinity areas and are separated by lipophilic 
rims; the aqueous bio-sample is applied onto the hydrophilic spots and the target mo Is. 
are absorbed by the affinity sorbent area; samples are washed on the support plate, and 
dryed. The eluent solution (e.g.acetonitrile-water) that contains the matrix substance is 
than applied onto the sample spots, dried and is ready for MALDI anal. The sample 
support is prepared by screen printing. REFERENCE COUNT: 1 
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AB A mass-spectrometer membrane introduction system, modeled after affinity 
chromatog., uses chemical modified low vapor-pressure liqs. to selectively bind and 
release aryl aldehydes from multicomponent aqueous sample streams. Polyphenyl ether, 
a slightly polar liquid, was admixed with an optimum loading of 1 0% octadecylamine 
(weight/weight) and coated on a microporous support to create a hydrophobic, 
semipermeable membrane containing primary amine functionalities. A 1.9-cm2 surface- 
area membrane interface was built inhouse for these expts. and optimized for temperature 
(71°), flow rate (1 mL/min), additive loading, and thickness (0. 10 mm). Benzaldehyde 
was selectively bound to this membrane under standard operating conditions with an 
efficiency of .apprx.50%, defined as analyte response during release from the membrane 
(pH 1) as compared to response during loading (pH 7.8). Analytes were introduced into 
an ion-trap mass spectrometer in a helium stream via a jet separator. Total anal, periods 
were .apprx.20 min for concns. between 50 ppb and 50 ppm, with a standard deviation of 
7% for similar concentration samples. Selective liquid-membrane interfaces represent 
new techno! for membrane introduction mass spectrometry. REFERENCE COUNT: 41 
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AB A method of screening combinatorial libraries for inhibitors of eukaryotic 
dihydrofolate reductase has been developed using pulsed ultra-filtration electrospray 
mass spectrometry, which is a continuous-flow affinity separation system for extracting 
and identifying high affinity ligands in combinatorial libraries. In this application, pulsed 
ultrafiltration conditions were optimized for the isolation and identification of inhibitors 



of dihydro folate reductase from a 22 compound library containing six known inhibitors 
of the enzyme including trimethoprim, aminopterin, methotrexate, pyrimethamine, folic 
acid, and folinic acid, and 16 compds. without known affinity. In order to optimize the 
screening method, sources of non-specific binding were identified and minimized. A 
significant source of non-specific binding for this set of library compds. was hydrophobic 
interaction with the surfaces of the ultrafiltration chamber. After affinity separation of 
bound (high affinity) vs. free (low affinity) library compds. during pulsed ultrafiltration, 
receptor-bound ligands were released and eluted using either organic solvent or acidified 
mobile phase. Although 80% methanol easily disrupted the receptor-ligand complexes, 
organic solvent had the undesirable effect of releasing non- specifically bound compds. 
from the chamber and thereby increasing the background noise. Interference from non- 
specific binding was minimized by releasing bound ligands using a low pH mobile phase 
eluent instead of organic solvent. Under the conditions used, pulsed ultrafiltration mass 
spectrometry selectively identified the two library compds. with the highest affinity for 
dihydrofolate reductase, methotrexate and aminopterin. 
REFERENCE COUNT: 1 4 



